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(Hurricane Sandy continued on page 2)

USGS Scientists Predict, Measure Sandy’s Impacts on the 
Coastal Landscape
By Kate Bradshaw

Hurricane Sandy, one of the biggest 
storms ever to hit the United States, struck 
the Eastern Seaboard on October 29, 2012. 
It caused dozens of deaths and billions of 
dollars worth of damage and displaced 
massive volumes of protective beach and 
dune sediments. Before, during, and after 
Sandy’s landfall, U.S. Geological Survey 
(USGS) scientists in St. Petersburg, Flor-
ida, predicted, then measured, the change 
that took place along the shore.

Days before Sandy made landfall in 
southern New Jersey, the USGS Hurri-
canes and Extreme Storms team at the St. 
Petersburg Coastal and Marine Science 
Center set out to determine how the storm 
was likely to affect the coastal landscape. 
The team used forecasted wave heights 
and water levels in combination with a 
storm-impact scale to predict the likeli-
hood that selected stretches of coast would 
experience certain patterns of sediment 
erosion and deposition (http://coastal.
er.usgs.gov/hurricanes/sandy/coastal-
change/). In addition, a pre-storm Global 
Positioning System (GPS) ground survey 
was conducted for Fire Island, New York, 
an area that ultimately experienced sub-
stantial coastal change during the storm. 
Along the New Jersey coast, another area 
that underwent severe impacts, pre-storm 
topographic measurements were made us-
ing EAARL-B (Experimental Advanced 
Airborne Research Lidar; http://ngom.
usgs.gov/dsp/tech/eaarl/). (Lidar, short 
for “light detection and ranging,” is simi-
lar to radar but uses laser light instead of 
radio waves to measure distances.) These 
pre-landfall measurements provide crucial 
baseline information for assessing and un-
derstanding the storm’s impacts. 

After the storm, the team acquired im-
agery from a variety of sources. Initially, 

they obtained post-storm photographs and 
videos from news reports and social me-
dia that featured clear examples of beach 
and dune erosion, overwash (occurs when 
storm waves overtop dunes and carry sand 
inland), and inundation (complete submer-
sion of beach and dunes). They used this 
imagery to “ground-truth” their pre-storm 
assessments. 

Additional ground-truthing was provid-
ed by aerial photographs acquired during a 
2-day mission fl own along the open-coast 
shoreline from the Outer Banks of North 
Carolina to coastal Massachusetts. The 
aim was to compare post-storm photo-
graphs with those taken before the storm 

to get a qualitative look at coastal change 
in certain areas. To view examples, visit 
http://coastal.er.usgs.gov/hurricanes/
sandy/photo-comparisons/. Many more 
photo pairs are posted at http://coastal.
er.usgs.gov/hurricanes/sandy/post-
storm-photos/obliquephotos.html. 

In partnership with several other 
agencies, the team coordinated lidar 
topographic surveys along the same stretch 
of coast. These data will be compared to 
those taken before the storm in order to 
quantify the magnitude of coastal change 
and gauge the accuracy of their pre-storm 
assessments.

NOAA’s GOES-13 satellite captured this visible image of the massive Hurricane Sandy on Oc-
tober 28 at 1302 UTC (9:02 a.m. EDT), about a day and a half before it made landfall on the New 
Jersey coast. The line of clouds from the Gulf of Mexico north are associated with the cold front 
that Sandy is merging with. Sandy’s western cloud edge is already over the mid-Atlantic and 
northeastern United States. Image from NASA GOES Project; learn more at http://www.nasa.
gov/mission_pages/hurricanes/archives/2012/h2012_Sandy.html.
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The group also worked closely with the 
National Park Service, the U.S. Fish and 
Wildlife Service, and the U.S. Army Corps 
of Engineers to coordinate a post-storm 
survey of Fire Island National Seashore 
almost immediately after the storm. This 
survey, conducted before any data or 
imagery could be collected from the air, 
revealed drastic changes. 

“We found that there was widespread 
dune erosion and overwash,” said St. 
Petersburg-based USGS coastal geologist 
Cheryl Hapke. “On average, the dunes 
eroded back 70 feet—the equivalent of 
30 years of change, which had previously 
been measured. Our data also showed 
that dunes lost as much as 10 feet of 
elevation.” 

These rapid response data were used 
to help the National Park Service assess 

Before-and-after 
views looking 
west along the 
New Jersey shore. 
Storm waves and 
surge cut across 
the barrier island 
at Mantoloking, 
New Jersey, 
eroding a wide 
beach, destroying 
houses and roads, 
and depositing 
sand onto the 
island and into 
the back-bay. In 
lower photograph, 
just days after 
the storm, 
construction 
crews with heavy 
machinery are 
clearing sand 
from roads and 
pushing sand 
seaward to build a 
wider beach and 
protective berm. 
Yellow arrow 
in each image 
points to the same 
feature. From 
USGS Coastal 
Change Hazards 
webpage at http://
coastal.er.usgs.
gov/hurricanes/
sandy/photo-
comparisons/
newjersey.php.

the areas of the coast that were most 
vulnerable to a nor’easter that struck the 
coast a week after Sandy.

Whether carried out from the air, on 
the ground, or in an offi ce, all of this 
work enhances our understanding of how 
and why coastlines respond to storms the 
way they do. This understanding, gained 
through partnering with stakeholders and 
agencies at all levels of government, can 
help coastal managers prepare to mitigate 
the impacts of future storms. 

Check the Hurricanes and Extreme 
Storms team’s website for updates and 
additional information: http://coastal.
er.usgs.gov/hurricanes/sandy/ 

To learn more about USGS responses 
to Hurricane Sandy, read http://www.
usgs.gov/blogs/features/usgs_top_story/
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Fieldwork, continued

Fire 
Island

Map posted at 11:00 a.m. on October 
29, 2012—just hours before Hurricane 
Sandy made landfall on the U.S. east 
coast—showing probabilities of collision 
(in which waves erode dune fronts), 
overwash (in which waves wash over 
dunes and transport sand inland), and 
inundation (in which beach and dunes 
are completely submerged) along the 
sandy beaches of Long Island, New York. 
Red colors indicate high probability; 
white indicates low probability. For 
more information and to view similar 
assessments for sandy beaches of 
New Jersey and Delmarva (Delaware, 
Maryland, and Virginia), visit http://
coastal.er.usgs.gov/hurricanes/sandy/
coastal-change/.

What’s in a Name? Post-Tropical Cyclone Sandy
By Helen Gibbons

About an hour before Hurricane Sandy 
made landfall in New Jersey on the eve-
ning of October 29, 2012, the National 
Weather Service reclassifi ed the storm 
as “Post-Tropical Cyclone Sandy.” The 
name change came as Sandy lost the char-
acteristics of a strong tropical cyclone, or 
hurricane.

A tropical cyclone is a storm system 
with a warm core of low pressure sur-
rounded by winds spiraling inward and 
upward. In the North Atlantic, strong 
tropical cyclones—with sustained winds 
of 74 miles per hour or higher—are called 
hurricanes. Tropical cyclones get their 
energy from warm ocean water: water 
evaporates from the ocean surface and 
then condenses as the saturated air rises. 
This condensation forms clouds and thun-
derstorms that become part of the tropical 
cyclone, and it releases heat energy that 
powers the winds of the cyclone. 

In contrast, extratropical, or mid-lati-
tude, cyclones get their energy not from 
warm ocean water but from horizontal 
temperature differences in the atmosphere. 
These low-pressure systems, with their as-
sociated warm fronts or cold fronts, are the 
most common type of storm in the United 

States. (For more information about 
tropical and extratropical cyclones, 
visit http://www.aoml.noaa.gov/hrd/
tcfaq/tcfaqA.html.) 

As Hurricane Sandy moved north-
ward along the U.S. Atlantic coast, it 
met with a winter storm coming from 
the west and cold air coming down 
from Canada; interaction with these 

sandy/ and visit the USGS Newsroom, 
http://www.usgs.gov/newsroom/.

NASA’s Aqua satellite captured a 
visible image of Sandy’s massive 
circulation on October 29 at 1820 
UTC (2:20 p.m. EDT). Sandy covers 
1.8 million square miles, from the 
Mid-Atlantic to the Ohio Valley, 
into Canada and New England. 
Image from NASA Goddard MODIS 
Rapid Response Team; for more 
information see http://www.nasa.
gov/mission_pages/hurricanes/
archives/2012/h2012_Sandy.html.

air masses hastened its transition to an 
extratropical cyclone. Because it began as 
a tropical cyclone, Sandy was designated 
not simply as an extratropical cyclone but 
as a “post-tropical” cyclone. While Sandy 
transitioned from a hurricane to a post-
tropical cyclone as the center neared land-

fall, there was no change in expected im-
pacts, including tropical-storm-force and 
hurricane-force winds, storm surge, heavy 
rain, inland fl ooding, and heavy snow. The 
cyclone’s intensity and enormous breadth 
inspired additional names, such as Fran-
kenstorm and Superstorm Sandy.
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(Chandeleur Islands continued on page 5)

Using Shallow-Water Seafl oor Mapping to Understand Sediment Movement in the 
Northern Chandeleur Islands, Louisiana
By Jennifer Miselis, Jim Flocks, Nathaniel Plant, Julie Bernier, Nancy DeWitt, Kyle Kelso, Will Pfeiffer, BJ Reynolds, 
and Dana Wiese

Scientists from the U.S. Geological Sur-
vey (USGS) Coastal and Marine Geology 
Program’s science center in St. Petersburg, 
Florida, in cooperation with the U.S. Fish 
and Wildlife Service (FWS), have been 
studying the storm-related evolution of the 
Chandeleur Islands in eastern Louisiana 
for many years. This work was under-
taken to support research objectives of the 
National Assessment of Coastal Change 
Hazards Project (http://coastal.er.usgs.
gov/national-assessment/) and will also 
support a new project launched in October 
2012: the Barrier Island Evolution Re-
search Project. The latter seeks to address 
a research gap between the short time 
scale of individual storms (hours to days) 
and the longer time scales associated with 
the historic and geologic evolution of the 
coastal system (decades to millennia). The 
new project is an exciting challenge be-
cause it requires integration of two of the 
Coastal and Marine Geology Program’s 
strengths in studying coastal-change 

hazards—assessment of storm impacts 
and characterization of coastal geologic 
framework (the composition and geometry 
of rocks and sediment underlying coastal 
areas). Combining these strengths with 
modeling of morphology (the shape of the 
seafl oor and land surface) will make pos-
sible predictions of barrier-island behavior 
over time scales useful to resource manag-
ers (1–5 years).

Geologic variability (that is, changes 
in stratigraphy, surface-sediment distribu-
tion and composition, and morphologic 
features) has long been associated with 
barrier-island evolution over centennial 
and millennial time scales; however, the 
relative importance of geologic variability 
over shorter time scales (days to years) 
is poorly understood. Regional-scale 
research, while helpful for establishing 
the geologic framework in which barrier 
islands evolve, lacks the fi ner scale resolu-
tion necessary for addressing seasonal and 
interannual (over several years) system 

response. Furthermore, many models of 
morphologic evolution are ill equipped 
to incorporate the complexity of natural 
geologic variability and commonly as-
sume uniformity in sediment distribution, 
composition, and availability that may not 
exist. Such assumptions can lead to model 
results that are not consistent with obser-
vations. In order to address medium-term 
relations between geologic variability and 
storm and nonstorm processes, the geo-
graphic extent of the observations must be 
reduced, high-resolution information from 
highly dynamic areas of the nearshore and 
surf zone must be obtained, and observed 
geologic variability must be suitably 
simplifi ed for integration with predictive 
models. 

To this end, scientists from the Seafl oor 
Mapping Group at the USGS St. Peters-
burg Coastal and Marine Science Center 
are conducting a series of seafl oor surveys 
of the submerged regions around the north 
end of the Chandeleur Islands. (For ex-
ample, see “USGS Scientists Study an Oil-
Spill-Mitigation Sand Berm in the Chan-
deleur Islands, Louisiana,” Sound Waves, 
July/August 2012, http://soundwaves.
usgs.gov/2012/08/.) The most recent sur-
vey took place in July 2012 and spanned 
9 days. Because the region around the is-
lands is very shallow (less than 10 meters 
[30 feet] deep), two small research vessels 
were used in lieu of one large vessel typi-
cally employed for this type of survey. 
A suite of acoustic sensors was deployed 
from the St. Petersburg center’s research 
vessel (R/V) Survey Cat to measure the 
surface and subsurface variability of the 
nearshore. A high-resolution swath ba-
thymetry system (468 kHz) measured 
depths across a wide swath of the seafl oor, 
a sidescan-sonar system (900 kHz) pro-
vided information about variations in sea-
fl oor-sediment type, and a chirp subbottom 
profi ler (4–24 kHz) was used to measure 
the geometry of subseafl oor sedimentary 
layers. The center’s R/V Twin Vee was out-

The fearless seafl oor-mapping team enjoys a post-survey sunset aboard service charter vessel 
The VI. Using a service charter vessel for room and board enabled the team to use small research 
vessels to access the shallow depths around the islands and simultaneously eliminate a 3- to 
4-hour round trip to the mainland each day. Left to right, Kyle Kelso, BJ Reynolds, Julie Bernier, 
Will Pfeiffer, Jennifer Miselis, Dana Wiese, and Nancy DeWitt.
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Fieldwork

fi tted with a dual-frequency single-beam 
echosounder (2 and 28 kHz) to reveal the 
morphology of the surf zone and of the 
submerged Hewes Point shoal north of the 
islands (see map below). In just 9 days, 
the R/V Survey Cat and R/V Twin Vee col-
lected seafl oor-mapping data along more 
than 900 kilometers (560 miles) of survey 
tracklines.

Analysis of data from the survey de-
scribed above and from other surveys con-

ducted in 2011 and 2012 will reveal pat-
terns of cumulative change resulting from 
seasonal processes (for example, winter 
storms, summer tropical disturbances, 
and intervening fair-weather periods) and 
will help to identify annual sediment-
transport pathways. The recent data will 
also be compared with regional-scale 
data collected in 2006 and 2007 and pub-
lished in USGS Scientifi c Investigations 
Report 2009–5252 (http://pubs.usgs.

gov/sir/2009/5252/). This comparison 
will help us better understand interannual 
changes in the submerged island platform 
caused by natural processes, as well as 
alterations to the system stemming from 
the construction of the Deepwater Horizon 
oil-spill-mitigation sand berm, begun in 
June 2010 and completed in March 2011. 
Furthermore, by combining seafl oor-
mapping data with island elevations de-
rived from airborne lidar (light detection 
and ranging) surveys, we can establish 
links between the annual and interan-
nual evolution of the Chandeleur Islands 
and the geologic variability just offshore. 
Establishing such links is essential for un-
derstanding not just the magnitude of sur-
face-area changes to the islands, but also 
the response of the entire barrier-island 
system. Finally, data from 2012 were col-
lected less than one month before the Au-
gust 29 landfall of Hurricane Isaac, which 
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Morphology of submerged island platform surrounding the northernmost Chandeleur Islands, 
in 2011 (A) and 2012 (B). Extent of the islands (dark green) in February 2011 (A) and February 
2012 (B) is derived from airborne lidar (light detection and ranging) data and includes oil-spill-
mitigation sand berm constructed along northernmost 12 kilometers (7 miles) of the chain 
on the Gulf of Mexico side. Hewes Point, a large, submerged sand deposit just north of the 
islands, was a source of sediment for berm construction. Note location and morphology of 
borrow pit and changes to the shape of Hewes Point itself. Photograph B on page 6 shows 
installation of the benchmark “BERM” (which is not on the berm but on an island west of the 
berm) before the 2012 survey. TMRK, another benchmark on the islands. Grayscale bathymetry 
in background from Love, M.R., Amante, C.J., Carignan, K.S., Eakins, B.W., and Taylor, L.A., 
2010, Digital elevation models of the northern Gulf Coast—procedures, data sources and 
analysis: NOAA National Geophysical Data Center technical report, Boulder, Colo., 37 p. 
(http://www.ngdc.noaa.gov/dem/squareCellGrid/download/731).
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Fieldwork

directly affected the Chandeleur Islands. 
Data from airborne optical sensors can 
tell us the volume of sand lost from the 
islands. (Most of the oil-spill-mitigation 
sand berm was swept away; see http://
coastal.er.usgs.gov/hurricanes/isaac/
photo-comparisons/ and http://www.
nola.com/hurricane/index.ssf/2012/09/
isaacs_surge_waves_wiped_out_b.
html.) A third seafl oor survey planned for 
2013 will help us pinpoint where lost sedi-
ment was deposited and whether or not it 
will be naturally available to the islands 
for post-storm recovery. This information 
is essential for models that will predict the 
evolution of the Chandeleur Island system 
over the next 1 to 5 years.

Information derived from these re-
peated shallow-water seafl oor-mapping 
surveys allows the USGS to remain at the 
forefront of understanding coastal-change 
hazards. These surveys will expand our 
expertise from short- and long-term as-
sessments to quantifying medium-term 
changes, fi lling a gap where scientists 
lack fundamental information about the 
relations between surf-zone and nearshore 
geologic variability and coastal evolu-
tion over time scales relevant to coastal-
resource management. Datasets such as 
this one enable an assessment of those 

Views of the survey area. A, Low-elevation Chandeleur Islands from the research vessel (R/V) 
Twin Vee. B, (Left to right) Kyle Kelso, Nancy Dewitt, and Julie Bernier install a Global Position-
ing System (GPS) benchmark (BERM) on the northernmost part of the Chandeleur Islands. C, 
Julie Bernier surveys a transect from the Gulf of Mexico, across the berm, and onto the island 
with GPS to provide data for ground-truthing seafl oor-mapping elevations in the Gulf and lidar 
elevations acquired after the geophysical survey. D, Will Pfeiffer surveys island elevations in 
different types of vegetation to provide data for ground-truthing lidar.

relations and allow the USGS to honor 
its commitment to applying cutting-edge 
science to resource-management issues. 
By integrating temporally relevant and 
simplifi ed geologic observations into mor-

phologic models of coastal change, we 
seek to refi ne predictions of barrier-island 
and coastal evolution and to support more 
informed management of the nation’s 
coasts.

(Sea Otter Count continued on page 7)

Recovery Slows for California’s Sea Otters, 2012 Survey Shows 
By Ben Young Landis

The southern sea otter population con-
tinues its pattern of tepid recovery, accord-
ing to the latest population survey led by 
scientists from the U.S. Geological Survey 
(USGS), the California Department of 
Fish and Game (CDFG) Offi ce of Spill 
Prevention and Response, and the Mon-
terey Bay Aquarium.

Since the 1980s, USGS scientists 
have calculated an averaged population 
index each year for the southern sea ot-
ter, a federally listed threatened species 
in California (see http://ecos.fws.gov/
speciesProfi le/profi le/speciesProfi le.
action?spcode=A0A7). The population 
index is calculated as the average of total 
sea otter counts from three consecutive an-
nual surveys. Sometimes called the “three-

year running average,” the population 
index helps to compensate for year-to-year 
variability in observation conditions and 
gives scientists a more reliable picture of 
sea otter abundance trends. 

For the 2012 report, USGS listed the 
population index as 2,792. (Note: the 
2012 population index is the average of 
only two years’ counts, 2010 and 2012, 
because—for the fi rst time in more than 
two decades of monitoring—poor weather 
conditions prevented completion of the 
2011 survey; see Sound Waves article at 
http://soundwaves.usgs.gov/2012/06/
fi eldwork.html). The 2012 survey survey 
data, released last August, are available 
online at http://www.werc.usgs.gov/
seaottercount. 

“Just as the polar bear has become 
symbolic of protecting the Arctic, so is the 
status of the sea otter emblematic of the 
health of the central California coast,” said 
USGS Director Marcia McNutt. “These 
annual surveys and the associated studies 
to understand the drivers for population 
changes are critical factors in ensuring the 
continuing survival of not just the sea ot-
ter, but the entire complex ecosystem for 
which this icon is integral.”

After nearly a decade of slow recovery 
in California sea otter numbers, the popu-
lation index indicated a stall in 2008—and 
a decline to 2,711 in 2010. Even though 
the 2012 numbers are a comparative in-
crease from those 2010 fi gures, the longer 
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(Sea Otter Count continued from page 6)
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Central California, showing sea otter habitat in nearshore coastal waters (colored strip along 
coast) with color shading indicating the relative abundance of sea otters (yellow indicates 
low densities, red indicates high densities). See http://www.werc.usgs.gov/seaottercount for 
more information.

Tim Tinker, USGS biologist who supervises the 
annual California survey of southern sea otters. 
Binoculars and telescope (left) are used for 
spotting sea otters and observing their behavior 
from shore. Photograph taken in August 2012 by 
Leslie Gordon, USGS. 

term trend suggests that the population 
recovery may be at a plateau.

“We saw a similar plateau in the late 
1990s, before sea otter numbers began to 
rise again in the early 2000s,” said Tim 
Tinker, a biologist with the USGS West-
ern Ecological Research Center (http://
www.werc.usgs.gov/) who supervises the 
annual survey. “Recent shifts in mortality 
causes have brought to light additional 
explanations for the cessation of growth 
we’ve seen over the last few years.”

USGS scientists updated their database 
of sea otter strandings—the number 
of dead, sick, or injured sea otters 
recovered along California’s coast each 
year—in August 2012. The numbers are 
available at http://www.werc.usgs.gov/
seaotterstranding. 

In 2011, scientists from the California 
Department of Fish and Game (CDFG), 
the USGS, the Monterey Bay Aquarium, 
and other institutions came across a total 
of 335 stranded sea otters—a record high. 
Efforts are made to recover and examine 
each reported sea otter carcass, and a sub-
set of fresh carcasses are sent to the CDFG 
Marine Wildlife Veterinary Care and Re-
search Center (http://www.dfg.ca.gov/

ospr/Science/marine-wildlife-vetcare/), 
where veterinarians conduct necropsies to 
determine the primary causes of death and 
to identify factors that may have contrib-
uted to the death of each animal.

“We saw an increase in death due to 
white shark ‘tasting’ bites,” said Melissa 
Miller, the necropsy veterinarian at the 
CDFG Marine Wildlife Veterinary Care 

and Research Center. “We are working 
closely with our collaborators to under-
stand what could be driving this new trend. 
The usual causes of deaths were also evi-
dent: harmful algal toxins, parasites and 
infectious diseases, mating trauma, ema-
ciation, bacterial infections, heart disease, 
and boat strikes round out the list.” 
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(Sea Otter Count continued from page 7)

According to Tinker, the continued 
lack of population growth in the center 
of the geographic range—where sea otter 
densities are highest—adds evidence that 
sea otter populations may be approaching 
equilibrium abundance in these long-
established areas. “The population density 
of sea otters is ultimately limited by their 
prey resources, although reduced food 
abundance may act in concert with other 
factors, such as infectious diseases,” said 
Tinker. (For more information, read an 
interview with Tinker, titled “What’s 
the Future for California Sea Otter 
Populations,” at http://www.werc.usgs.
gov/outreach.aspx?RecordID=150.)

“With natural factors like the shark bites 
and food limitation, there’s little we can or 
should do,” said Lilian Carswell, South-
ern Sea Otter Recovery Coordinator for 
the U.S. Fish and Wildlife Service. “But to 
cope with non-natural factors, the popula-
tion recovery at the very least will depend 
on sea otters expanding into new areas that 
can support sustained populations.”

For southern sea otters to be considered 
for removal from threatened species 
listing, the population index will have to 
exceed 3,090 for three consecutive years, 
according to the threshold established 
under the Southern Sea Otter Recovery 
Plan by the U.S. Fish and Wildlife Service 
(http://www.fws.gov/ventura/species_
information/so_sea_otter/). That would 
mark a signifi cant comeback for this marine 
mammal, presumed extinct in California 
after the fur-trade years until a group of 
fewer than 50 animals was rediscovered 
along the coast of Big Sur in the 1930s.

Sea otters are considered a keystone 
species of the kelp ecosystem, preying 
on herbivorous invertebrates, such as 
sea urchins, that can decimate kelp beds, 
and consequently fi sh habitat, if left 
unchecked. Scientists also study sea otters 
as an indicator of nearshore ecosystem 
health (see http://on.doi.gov/nearshore), 
since sea otters feed and live near the coast 
and often are the fi rst predators exposed 
to pollutants and pathogens washed down 
from coastlands, such as the microbial 
toxin microcystin (http://news.ucsc.
edu/2010/09/otter-toxin.html). 
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Southern sea otter population trends over the period 1990–2012. Annual counts shown 
for pups (pink squares) and total animals (independents plus pups; black diamonds). Blue 
line is running 3-year average of total counts (for example, value for year 2010 is aver-
age of total counts for years 2008, 2009, and 2010), which represents the offi cial index of 
population abundance. For southern sea otters to be considered for removal from threat-
ened species listing, the 3-year running average of total counts, or “population index,” 
would have to exceed 3,090 for 3 consecutive years. See http://www.werc.usgs.gov/
seaottercount for more information.
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Differences in southern sea otter population trends across parts of geographic range. 
North is Half Moon Bay to Seaside. Center is Seaside to Cayucos. South is Cayucos to 
Gaviota State Park. Numbers represent raw (not averaged) counts from annual surveys. 
See http://www.werc.usgs.gov/seaottercount for more information.
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Fieldwork, Research

Fieldwork, continued

(Sea Otter Count continued from page 8)

U.S. and Canadian Geologists Collaborate in Mapping the Georges Bank Seabed
By Page Valentine (U.S. Geological Survey) and Brian Todd (Geological Survey of Canada)

The annual population index is 
calculated from visual surveys conducted 
along the California coastline by 
researchers, students, and volunteers 
from the USGS (http://www.werc.
usgs.gov/seaottercount), the CDFG 
Offi ce of Spill Prevention and Response 
(http://www.dfg.ca.gov/ospr/), the 
Monterey Bay Aquarium (http://www.
montereybayaquarium.org/cr/sorac.

aspx), the Santa Barbara Zoo (http://
www.sbzoo.org/), the University of 
California, Santa Cruz (http://ims.ucsc.
edu/lml.html), the U.S. Fish and Wildlife 
Service (http://www.fws.gov/ventura/
species_information/so_sea_otter/), 
and the U.S. Bureau of Ocean Energy 
Management (http://www.boem.gov/). 
The surveys are coordinated by USGS 
scientist Brian Hatfi eld for the Fish and 

Wildlife Service, which is the agency 
responsible for managing the southern sea 
otter’s recovery.

Surveys are conducted via telescope ob-
servations from shore and via low-fl ying 
aircraft, typically from April through June. 
In 2012, the surveyed coastline extended 
from Point San Pedro in San Mateo Coun-
ty south to Rincon Point near the Santa 
Barbara-Ventura County line.

Research

(Georges Bank Maps continued on page 10)

Georges Bank is a large (42,000 square 
kilometers) part of the continental shelf 
offshore of New England that lies in both 
U.S. and Canadian waters. The seabed is 
primarily glacially derived sand and gravel 
deposited since the end of the last glacial 
maximum approximately 20,000 years 
ago. A series of maps showing the seabed 

topography of the Canadian portion of 
relatively shallow Georges Bank and the 
deeper Fundian and Northeast Channels 
has been compiled by geologists Brian 
Todd and John Shaw of the Geologi-
cal Survey of Canada (GSC) and Page 
Valentine of the U.S. Geological Survey 
(USGS). The area was surveyed over 

two fi eld seasons using multibeam sonar 
technology. Todd has led the effort to map 
large parts of the Canadian continental 
margin, including the Bay of Fundy, Ger-
man Bank, Browns Bank, and the Georges 
Bank region. Valentine has conducted 
research on the Georges Bank seabed in 
U.S. waters and has previously collabo-
rated with Todd on geologic studies of 
the Canadian portion of the bank. Their 
mutual research interests have led Todd
and Valentine to collaborate in compiling 
seabed maps using an approach that relies 
on multibeam sonar data, video and photo 
imagery, sediment sampling, and subbot-
tom seismic profi ling. 

The map series, to be released in Janu-
ary 2013, comprises 9 sheets at a scale of 
1:50,000 (1 centimeter on the map rep-
resents 500 meters on the seabed). In all, 
13,000 square kilometers of seabed were 
mapped in water depths of 42 meters to 

Regional map showing multibeam-
sonar topographic imagery of the 
Canadian part of Georges Bank and 
the Fundian and Northeast Channels. 
Mapped area is southeast of the Gulf 
of Maine and southwest of the Scotian 
Shelf (see inset map). Large rectangles 
are boundaries of the 9 sheets of the 
new map series. Red rectangles are 
locations of high-resolution images of 
sand waves and submarine canyons 
(see page 10). Water depths are color-
coded; topographic contours are in 
meters.
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Research, continued

(Georges Bank Maps continued from page 9)

more than 1,000 meters. Multibeam bathy-
metric data show the topography in great 
detail at a horizontal resolution of 5 to 10 
meters and a vertical resolution of 10 to 30 
centimeters. The seabed bears the imprint 
of the last glaciation, when sea level was 
approximately 125 meters lower and the 
Laurentide ice sheet covered all of New 
England and Atlantic Canada. Glacial ice 
encroached on the northern and eastern 
margins of Georges Bank and found an 
outlet to the Atlantic Ocean through the 
Fundian and Northeast Channels, which 
separate Georges Bank from the Scotian 
Shelf to the north. Today, much of the 
bank is covered by sand and gravel out-
wash from the glaciers. These sediments 
have been reworked by rising sea level 
and modern tidal and storm currents to 
produce large sand waves in shallow parts 
of the bank. Moraines and other glacial 
features on the seabed show the direc-
tion of fl owing ice, and numerous iceberg 
keel marks record the breakup (or calv-
ing) of fl oating ice where glaciers termi-
nated in the ocean. Old shoreline features 
document rises of sea level following the 
melting of the regional ice sheet. On the 
seaward edge of Georges Bank, submarine 
slide features document the collapse of 
sediment deposits, which contributed to 
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miles

0

0

1

0.5

1,200 1,600

the formation of submarine canyons. Pres-
ent-day features of deformed seabed on 
the bank edge identify sediments that are 
susceptible to future slumping and sliding 
events. Apart from revealing the morphol-
ogy of the seabed and the recent glacial 
and postglacial processes that formed it, 
these maps provide a framework for fur-

Map and cross-section showing the morphology 
(shape) of mobile sand waves and megaripples on 
north-central Georges Bank. Inferred direction of net 
current and sediment transport is from northwest 
to southeast, as determined from the steep down-
current lee faces of the sand waves. Megaripples 
occur on the up-current (or stoss) faces of the sand 
waves. Mobile sand waves in this image reach 14 
meters in height (in water depths of 50–64 meters), 
and megaripples are less than 2 meters in height. See 
the regional map on page 9  for location of the image.

ther mapping of the geological substrates 
and environmental processes that charac-
terize the region, for fi shery management, 
and for baseline studies that would pre-
cede any future oil and gas development. 

The new map series will be published 
by the Geological Survey of Canada; the 
full citation is: Todd, B.J., Valentine, P.C., 
and Shaw, J., 2013, Shaded seafl oor topog-
raphy, Georges Bank, Fundian Channel, 
and Northeast Channel, Gulf of Maine: 
Geological Survey of Canada, Maps 
2191A–2199A, 9 sheets, scale 1:50,000. 

Multibeam bathymetric imagery of 
the Canadian continental margin can be 
viewed at http://gdr.ess.nrcan.gc.ca/
multibath/e/viewer.htm. The Georges 
Bank imagery will be available for view-
ing after this map series is published in 
January 2013.

0 5 MI

0 10 KM5

Southernmost map sheet of the series shows subma-
rine canyons incising the seaward margin of Georges Bank. Canyon walls are characterized 
by ridges and gullies caused by slumping of glacially derived mud. A large submarine slide 
is present in the head of Corsair Canyon (see inset image). Not visible at this scale are sand 
waves on the bank at water depths of as much as 100 meters, and iceberg keel marks and 
incipient slump features at the shelf break at depths of approximately 200 meters. See the 
regional map on page 9 for location of the image.
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(Native Youth continued on page 12)

Native Youth in Science—Preserving Our Homelands
By Chris Polloni, Ben Gutierrez, and Monique Fordham

The Mashpee Wampanoag Tribe part-
nered with the U.S. Geological Survey 
(USGS) Woods Hole Coastal and Marine 
Science Center (WHCMSC) in Woods 
Hole, Massachusetts, to develop and 
deliver a summer science pilot program 
for Mashpee Wampanoag tribal youth 
in grades 6, 7, and 8. The program was 
developed by Renée Lopes-Pocknett, 
Director of the Mashpee Wampanoag 
Tribe’s Education Department, and Mo-
nique Fordham, USGS National Tribal 
Liaison, and was guided by Chris Polloni, 
WHCMSC Outreach Coordinator. Troy 
Currence (WHCMSC) provided initial 
contacts and advice for the science staff 
about tribal customs. The program was 
designed to help reconnect Mashpee Wam-
panoag youth with the ecology and geol-
ogy of their traditional homelands through 
classroom and fi eld presentations, with 
an emphasis on hands-on experience. The 
program wove scientifi c information and 
data collection together with traditional 
ecological knowledge provided by tribal 
culture keepers, to ensure that information 
was provided in a context that stressed the 
ancestral relationships between the Wam-
panoag people and the ecosystems of their 
homelands.

Titled “Native Youth in Science—Pre-
serving Our Homelands,” the summer 
2012 pilot program strived to present 
science as a tool by which to protect and 
preserve the ecosystems and homelands 
of the Mashpee Wampanoag Tribe. It also 
challenged the students to develop ways 
of thinking and being studious about their 
surroundings while achieving habits of 
mind and skills for understanding how sci-
ence works. 

Points of inquiry were developed for six 
“experience units,” with an overarching 
focus on traditional ecological knowledge. 
Kristen Wyman (Freshwater Consulting), 
a tribal environmental educator, worked 
with Ben Gutierrez (WHCMSC) to devel-
op the program curriculum; Lopes-Pock-
nett and Polloni provided additional input. 
The team also identifi ed scientists to de-
velop the scientifi c content for each experi-

ence unit and then consulted with the tribal 
culture keepers to place the science content 
in a context that supported the presentation 
of tribal traditional ecological knowledge. 
In addition, Wyman provided guidance in 
ensuring that the program was compatible 
with science, technology, engineering, and 
mathematics (STEM) content standards for 
the Commonwealth of Massachusetts (for 
more information on Massachusetts cur-
riculum frameworks, see http://www.doe.
mass.edu/omste/ca.html).

The program included the following six 
experience units: 

Unit 1: Water quality; discussion of 
Wampanoag knowledge of the locations 
and characteristics of different water 
sources; water-quality testing (terrestrial 
and marine).

Unit 2: Wampanoag creation story and 
geological history of Cape Cod; origin of 
the ancestral homelands from Wampanoag 
and geological perspectives; rock char-
acteristics; contemporary and traditional 
Wampanoag use of rock materials.

Unit 3: Climate change, sea-level 
change, shoreline change, and how they 
are monitored; the potential impacts of 
these changes on Wampanoag traditional 
homelands and tribal hunting and fi shing 
locales.

Unit 4: Regional geology and biology of 
the Mashpee River region and Poppones-
set Bay; plants and animals that inhabit the 
local landscape; topographic maps, with 
an emphasis on geologic features in the 
region and the historical locations inhab-
ited by the tribe (as passed down by oral 
tradition); the historical signifi cance of 
the bay and river to Wampanoag culture; 
Wampanoag ethnobotany (the relation-
ships between people and plants). 

Unit 5: Marsh ecology and the plants 
and animals that inhabit the coastal marsh-
es; fi sh identifi cation; impacts of sea-level 
rise on the marsh ecosystem; Wampanoag 
ethnobotany.

Unit 6: An exploration of a part of 
Washburn Island, an island of strong cul-
tural signifi cance to the Wampanoag, fol-
lowed by the closing ceremony.

The pilot program included 14 Mashpee 
Wampanoag youth and ran from the initial 
orientation session on July 9, 2012, to 
the closing ceremony on August 9, 2012. 
Each unit began with a morning energizer 
coordinated by Kristen Wyman and held 
at the offi ces of the Mashpee Wampanoag 
Tribe’s Natural Resources Department. 
The fi rst unit began with an opening cere-
mony, led by the Tribal Historic Preserva-

Mashpee Wampanoag tribal youth preparing a traditional meal under the watchful eyes 
of Renée Lopes-Pocknett and Errol Hicks. Photograph by David Gray.
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tion Offi cer, that reinforced the purpose of 
the program and emphasized the need for 
the participants to respect both the tradi-
tional knowledge they would be receiving 
and the scientifi c inquiry on which they 
were about to embark.

The classroom activities were held at 
the tribe’s Natural Resources Department 
offi ces. Other units included fi eld trips to 
nearby scientifi cally signifi cant locations, 
all of which also had tribal signifi cance as 

Mashpee Wampanoag tribal youth display their T-shirts and certifi cates at the closing ceremony 
for the 2012 Native Youth in Science program, in Woods Hole, Massachusetts. The adults in the 
photograph include tribal culture keepers, support staff, and USGS personnel. Photograph by 
David Gray.

USGS Scientists on Team Honored by Excellence in Partnering Award

Four U.S. Geological Survey (USGS) 
scientists were members of a project team 
that won the National Oceanographic 
Partnership Program’s (NOPP) 2011 Ex-
cellence in Partnering Award: Amanda 
Demopoulos (Southeast Ecological Sci-
ence Center, Gainesville, Florida), Cheryl 
Morrison (Leetown Science Center, Kear-
neysville, West Virginia), Christina Kel-
logg (St. Petersburg Coastal and Marine 
Science Center, St. Petersburg, Florida), 
and Nancy Prouty (Pacifi c Coastal and 
Marine Science Center, Santa Cruz, Cali-
fornia). 

The 2011 award recognizes the achieve-
ments of the “Lophelia II” project team, 
led by Charles Fisher of Pennsylvania 
State University and James Brooks of 

Cheryl Morrison (USGS Leetown 
Science Center) in front of the 
Johnson-Sea-Link II, a submers-
ible the team used to investigate 
deepwater corals in the northern 
Gulf of Mexico. Photograph by 
Christina Kellogg (USGS St. 
Petersburg Coastal and Marine 
Science Center).

part of the Wampanoag traditional home-
lands. Lunch in each unit was provided by 
the tribal members and typically included 
traditional tribal foods that were obtained 
locally and prepared using traditional 
methods.

The tribal culture keepers for the pro-
gram were Earl “Chiefi e” Mills, Jr., jes-
sie “little doe” baird, Jonathan Perry, 
Darrel Wixon, Kitty Hendricks, Tony 
Perry, Sr., and Ramona Peters. The cul-

ture keeper coordinator was Errol Hicks. 
The science staff included Richard Wil-
liams, Larry Poppe, Erika Lentz, and 
Wayne Baldwin (all USGS), along with 
Christina Stringer (Bureau of Indian Af-
fairs), Pamela Polloni (Marine Biological 
Laboratory/Woods Hole Oceanographic 
Institution [WHOI] Library Herbarium), 
and Jim Rassman (Waquoit Bay National 
Estuarine Research Reserve [WBNERR]). 
WBNERR provided an important com-
ponent to the program by granting access 
to its research facilities, which are in 
proximity to local marshes and beach sites 
that are being studied by a number of sci-
entists. David Gray, a retired WHOI em-
ployee and tribal member, provided still 
photography and videography for the en-
tire program. The whole team functioned 
extremely well and laid a foundation for 
future collaboration on tribal educational 
initiatives.

We gratefully acknowledge the invalu-
able support of the staff at the Mashpee 
Wampanoag Tribe’s Natural Resources 
Department, especially the Director, Quan 
Tobey, and Assistant Director, George 
“Chuckie” Green, who were instrumental 
in the development and implementation of 
the program.

TDI Brooks International, Inc. 
The work of project team Lophelia 
II involved the exploration and 
research of deepwater natural and 
artifi cial hard-bottom habitats in 
the northern Gulf of Mexico, with 
an emphasis on coral communi-
ties. Deepwater coral habitats are 
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biodiversity hotspots and signifi cant bio-
logical resources with both intrinsic and 
socio-economic value. 

The Lophelia II project completed its 
last research cruise in July 2012 in the 
Gulf of Mexico, where it discovered 
Lophelia coral growing deeper than 
previously seen anywhere in the Gulf. 
(Learn more about this cruise—the 
fi rst dedicated scientifi c study of deep-
sea corals on actively producing oil 
and gas platforms—at http://www.
oceanleadership.org/2012/joint-
boem-noaa-usgs-mission-discovers-
record-depth-for-lophelia-coral-on-
gulf-of-mexico-energy-platforms/ 
and http://oceanexplorer.noaa.gov/
explorations/12lophelia/welcome.html.) 
Information from all the Lophelia II 
cruises will inform future environmental 
review and decision making for the 
protection of deepwater corals. 

Closeup image of 
a single Eumunida 
picta squat lobster 
perched on a live 
Lophelia pertusa 
thicket. Image cour-
tesy of Lophelia II 
2012 Expedition, 
NOAA-OER/BOEM.

The Bureau of Ocean Energy Manage-
ment (BOEM), the National Oceanic and 
Atmospheric Administration (NOAA), and 
the U.S. Geological Survey (USGS) were 
the NOPP contributing agencies for the 
Lophelia II project. The project was nomi-
nated for the NOPP Excellence in Partner-
ing Award by BOEM for its exceptionally 
diverse partnerships between scientists, 
graduate students, technicians, public out-
reach professionals, and industry profes-
sionals from 3 federal agencies, 11 private 
companies, and 5 universities. 

The award was presented October 15, 
2012, during the Oceans 2012 Conference 
in Virginia Beach, Virginia. 

“As a Program that is built on success-
ful collaboration and coordination, the 
NOPP Offi ce is pleased to honor the Loph-
elia II project team with the 2011 Excel-
lence in Partnership Award for exhibiting 
exemplary partnerships in ocean science,” 

said Allison Miller, NOPP Offi ce Program 
Manager. “The Program Offi ce applauds 
the contributing agencies of this project for 
supporting and nominating such a diverse, 
fi rst-of-its-kind deep-sea coral study.”

For more information about the 2011 
Excellence in Partnering Award, visit 
http://www.nopp.org/2012/national-
oceanographic-partnership-program-
honors-2011-excellence-in-partnering-
award-recipients/. 

USGS participation in the Lophelia II 
project is part of the USGS Diversity, Sys-
tematics, and Connectivity of Vulnerable 
Reef Ecosystems (DISCOVRE) Project 
(http://fl .biology.usgs.gov/DISCOVRE/), 
an integrated, multidisciplinary effort 
investigating deep-sea communities from 
the microscopic to the ecosystem level. 
USGS DISCOVRE scientists recently 
completed the second cruise of a 4-year 
project to study the biology, geology, and 
oceanography of a series of canyons off 
the U.S. middle Atlantic coast (see http://
deepwatercanyons.wordpress.com/
about/ and http://oceanexplorer.noaa.
gov/explorations/12midatlantic/welcome.
html). 

As part of the Ecosystems Mission Area, 
the USGS deep-sea coral research is sup-
ported by the Terrestrial, Freshwater, and 
Marine Environments Program Outer Con-
tinental Shelf funds under the guidance of 
Colleen Charles.

Staff and Center News

Pacifi c Coastal and Marine Science Center Welcomes Andy O’Neill
By Patrick Barnard

Oceanographer Andy O’Neill joined 
the U.S. Geological Survey (USGS) Pa-
cifi c Coastal and Marine Science Center 
in Santa Cruz, California, in August 2012. 
She is assisting Patrick Barnard and 
Li Erikson with the development of the 
Coastal Storm Modeling System (CoS-
MoS) for assessing future climate-change 
impacts along the California coast. 

Andy has a background in both ocean-
ography and meteorology. She earned her 
B.S. in oceanography at the University 
of Washington in Seattle and her M.S. 

in physical oceanography and meteorol-
ogy at the Naval Postgraduate School in 
Monterey, California, where she worked 
with Jamie MacMahan investigating rip-
current pulsation structures. 

Andy has spent the past 11 years pro-
viding oceanographic and meteorological 
analyses to the U.S. Navy, primarily out 
of Yokosuka, Japan; most of her work has 
revolved around natural-hazard risk anal-
yses, meteorological and oceanographic 
vulnerability assessments, and ocean 
acoustics.

Andy O’Neill
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Olivia Cheriton Joins USGS Pacifi c Coastal and Marine Science Center
By Curt Storlazzi

Olivia Cheriton

Olivia Cheriton has joined the U.S. 
Geological Survey (USGS) Pacifi c Coastal 
and Marine Science Center in Santa Cruz, 
California, as an oceanographer in sup-
port of several projects: Pacifi c Coral Reef 
Geology and Oceanography, National 
Seafl oor Mapping and Benthic Habitat 
Studies, and Climate Change Impacts to 
the U.S. Pacifi c and Arctic Coasts. 

Olivia earned her Ph.D. at the University 
of California, Santa Cruz (UCSC). Funded 
by the U.S. Offi ce of Naval Research, she 
used bottom-mounted instrument packages, 
moorings, and vessel surveys to study the 
physical oceanographic controls on coastal-
ocean plankton patches called “thin lay-
ers.” She also received a U.S. Defense Uni-
versity Research Instrumentation Program 
Award for developing a new oceanographic 
equipment package that includes an undu-
lating underwater vehicle with integrated 
optical and chemical sensors.

After receiving her Ph.D. in 2008, Ol-
ivia worked as a postdoctoral researcher 
with a joint position between UCSC and 
the University of Hawai‘i at Manoa, and 
then as a postdoctoral researcher at Moss 
Landing Marine Laboratories in Moss 
Landing, California. 

Olivia has lectured and taught 
classes on physical oceanography, data-
analysis techniques in marine science, 
and oceanographic instrumentation for 
students at UCSC, Stanford University, 
and Moss Landing Marine Labs. She 
has extensive experience overseeing 
dozens of simultaneous moorings and 
tripods with acoustic, optical, and 
chemical time-series oceanographic 
sensors; collecting oceanographic data 
from vessels; water-column and seabed 
sampling; data processing and data 
visualization; and publishing in peer-
reviewed journals.

Adams, J., MacLeod, C., Suryan, R.M., 
Hyrenbach, K.D., and Harvey, J.T., 2012, 
Summer-time use of west coast U.S. 
National Marine Sanctuaries by migrating 
sooty shearwaters (Puffi nus griseus): 
Biological Conservation, doi:10.1016/j.
biocon.2011.12.032 [http://dx.doi.
org/10.1016/j.biocon.2011.12.032].

Barnard, P.L., Hansen, J.E., and Erikson, 
L.H., 2012, Synthesis study of an 
erosion hot spot, Ocean Beach, 
California (USA): Journal of Coastal 
Research, v. 28, no. 4, p. 903–922, 
doi:10.2112/JCOASTRES-D-11-00212.1 
[http://dx.doi.org/10.2112/
JCOASTRES-D-11-00212.1].

Behrens, M.D., and Lafferty, K.D., 2012, 
Geographic variation in the diet of 
opaleye (Girella nigricans) with respect 
to temperature and habitat: PLoS ONE, 
v. 7, no. 9, e45901, doi:10.1371/journal.
pone.0045901 [http://dx.doi.org/10.1371/
journal.pone.0045901].

Recently Published Articles

Publications

Berkowitz, P., Storlazzi, C.D., Courtot, 
K.N., Krause, C.M., and Reynolds, M.H., 
2012, Sea-level rise and wave-driven 
inundation models for Laysan Island, 
chap. 2 of Reynolds, M.H., Berkowitz, 
P., Courtot, K.N., and Krause, C.M., eds., 
Predicting sea-level rise vulnerability 
of terrestrial habitat and wildlife of the 
Northwestern Hawaiian Islands: U.S. 
Geological Survey Open-File Report 
2012–1182, p. 72–126 [http://pubs.usgs.
gov/of/2012/1182/].

Bertolino, S., Guichon, L.M., and Carter, 
J., 2012, Myocastor coypus Molina 
(coypu), chap. 30 of Francis, R.A., 
ed., A handbook of global freshwater 
invasive species: New York, Routledge, 
Taylor and Francis Group, p. 357–368 
[http://www.routledge.com/books/
details/9781849712286/]. 

Blazer, V.S., Iwanowicz, L.R., Henderson, 
H., Mazik, P.M., Jenkins, J.A., 
Alvarez, D.A., and Young, J.A., 2012, 

Reproductive endocrine disruption in 
smallmouth bass (Micropterus dolomieu) 
in the Potomac River basin; spatial and 
temporal comparisons of biological 
effects: Environmental Monitoring and 
Assessment, v. 184, no. 7, p. 4309–4334, 
doi:10.1007/s10661-011-2266-5 [http://
dx.doi.org/10.1007/s10661-011-2266-5]. 

Breithaupt, J., Smoak, J.M., Smith, 
T.J., III, Sanders, C., and Hoare, A., 
2012, Organic carbon burial rates in 
mangrove sediments; strengthening the 
global budget: Global Biogeochemical 
Cycles, v. 26, GB3011, 11 p., 
doi:10.1029/2012GB004375 [http://
dx.doi.org/10.1029/2012GB004375].

Briggs, B.R., Inagaki, F., Morono, Y., 
Futagami, T., Huguet, C., Rosell-Mele, 
A., Lorenson, T., and Colwell, F.S., 
2012, Bacterial dominance in subseafl oor 
sediments characterized by methane 
hydrates: FEMS Microbiology Ecology, 

(Recently Published continued on page 15)
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2012, Modeling arctic barrier island-
lagoon system response to projected arctic 
warming: Arctic Landscape Conservation 
Cooperative Progress Report [http://
arcticlcc.org/projects/geophysical/
barrier-island-lagoon-systems/].
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